Lead is a persistent metal found in the air, water, soil and a variety of manufactured products like leaded gasoline, paints, ceramics, solders, water pipes, hair dye, cosmetics, airplanes, farm equipment, shielding for X-ray machines, etc. [4] . Lead is considered as a potent environmental toxin with nonbiodegradable nature and its toxic effects are well studied [5] .
The visual cortex is the primary cortical region of the brain which plays a significant role in processing and transmission of visual information that is relayed from the retina. The primary visual cortex (V1) is located in the posterior pole of the occipital lobe, and it is the earliest cortical visual area which connects the middle stages and other late stages of visual structures [6, 7] . Many studies on the sensitivity of the visual system to neurotoxic substances, proposed that the use of different toxic agents alters the visual system [8] . Research has shown that the degeneration progress in retina disease model did not only affect the retina itself but also the visual cortex [8] . The harmful impacts of lead poisoning have been known since ancient times. Fox et al. (1982) [9] reported that specific irreversible impairments in the spatial resolution properties of the visual system following lead exposure were due to specific alterations in the retina, visual cortex and/or in the subcortical relay structures, the lateral geniculate nucleus and superior colliculus. However, some of the most severe consequences of exposure to this metal have only been described recently [8] . Becker et al. (2002) [10] reported that exposure to toxic metals and health effects of these toxic metals are manifested differently in males and females, due to differences in kinetics, mode of action, or susceptibility. In general, men have higher blood lead levels than women, mainly because of higher exposure, but also due to higher blood hematocrit levels, as lead in blood is bound to erythrocytes.
Lead affects the higher functions of the central nervous system and undermines brain growth, preventing the correct development of cognitive and behavioral functions [11] . This effect interferes with three major neurotransmission systems: the cholinergic, dopaminergic, and glutamatergic systems which are the neurotransmitters responsible for the regulation of motor coordination and emotion [12, 13] . Previous studies indicate that moderate lead exposure has long term repercussions on the cholinergic visual system of adult rats and primate [14] . The ability of lead to gain access to the brain interstitial fluid is determined by the transport properties of a functional molecular barrier formed by brain capillary endothelial cells linked to one another by tight junctions (bloodbrain barrier). Lead uptake through this barrier proceeds consistently with its action as a potent central neurotoxin [15] . Reports have also shown that severe lead poisoning may compromise the barrier's integrity with significant abnormalities [16] . It has also been reported that lead induces oxidative stress by overproduction of free radicals, leading to cell membrane damage, via lipid peroxidation, which mediated the activation of inflammatory signaling cascades [17] . Lipid peroxidation is a deteriorative reaction that is involved in many disease processes and chemical toxicities concentrate in the brain. It is believed to be involved in several disease states, such as diabetes and neurodegenerative diseases as well as the aging process [18] . Deterioration of the photoreceptor cells, lateral geniculate nucleus, and superior colliculus can lead to progressive vision impairment and even total loss of sight which can also affect the visual cortex [8] . Hence, this study sought to investigate the withdrawal symptoms and oxidative stress on the visual cortex after lead exposure.
Materials and Methods

Animal procurement, care, and maintenance
Twenty adult male Wistar rats weighing between 130 g and 150 g (average weight of 140 g) were procured from the animal holding of the College of Health Sciences, Obafemi Awolowo University, Ile-Ife. Standard rat pellet was purchased at once from Topawo Feeds Ltd., Osogbo to avoid change in ration of the animals in the course of the research work. The rats were housed in plastic cages in the animal holding of the Department of Anatomy and Cell Biology. They were maintained on standard laboratory rat pellets and given water ad libitum. They received humane care according to the guidelines of the Health Research Ethics Committee (HREC) of the Institute of Public Health (IPH), Obafemi Awolowo University, Ile-Ife.
Procurement and preparation of lead nitrate (PbNO 3 ) solution
Five hundred gramsof lead nitrate was procured from KADLAD (Nig) Ltd. (Osogbo, Nigeria). One point four grams of PbNO 3 was weighed and dissolved in 1 l of distilled water to form 1.4 mg/ml of PbNO 3 solution. Preparation of PbNO 3 solution was based on daily dose of 10 mg/kg given to each animal, which was an average daily dose of 1.4 mg per animal.
Research ethical approval
Ethical clearance for the research was obtained from HREC www.acbjournal.org https://doi.org/10.5115/acb. 19.125 of the IPH, Obafemi Awolowo University, Ile-Ife, Nigeria.
Experimental design and administration
The 20 rats were randomly assigned into two groups (A and B) of 10 rats each. Group A was the control group and animals in it received 10 ml/kg of distilled water for 30 days. Group B was the experimental group and animals in it received 10 mg/kg of lead nitrate solution for 30 days. All administrations were oral.
Animal sacrifice, collection of blood samples, surgical removal, and fixation of organs
Five rats from each group were sacrificed under ether anesthesia 24 hours after the last oral administration of lead, while the remaining 5 rats (withdrawal subgroup) were sacrificed 30 days after the last oral administration of lead. Their blood samples were obtained by cardiac puncture, transferred into separate plain bottles and centrifuged for 5 minutes at 4,000 rpm to obtain serum, in which markers of oxidative stress [20] for this study to dissect out the visual cortex for further processing according to the general technique of tissue processing and microtomy as described by Anderson and Bancroft (2002) [21] .
Metal analysis
Blood was collected in plain bottles using heart puncture with a sterile syringe. After centrifugation at 4,000 ×g for 5 minutes at 4°C, the serum blood was collected. Samples were analyzed for metal (lead level) by inductively coupled plasma mass spectrometry in the trace metals laboratory of Ekiti State University, Ado-Ekiti, Nigeria.
Tissue processing, microtomy, and staining
Following fixation, the tissues were processed for paraffin wax embedding. Small blocks of tissue about 3-5 mm thick were taken from visual cortex. The tissue blocks were dehydrated through ascending grades of alcohol by immersion and were infiltrated in two changes of molten paraffin wax at 56°C for one hour each before being finally embedded in paraffin wax using tissue cassette moulds. Paraffin blocked tissues were trimmed and sectioned on a rotary Leica microtome. Sections of 5 µm thick were placed on clean glass slides and dried on a drying plate at a temperature of 40°C overnight to enhance adherence. The sections were stored in slide racks until ready for staining. Pearse procedure for hematoxylin and eosin staining as described by Bancroft and Gamble (2002) [22] was adopted.
Microscopy and statistical analysis
All sections were studied under Leica DM 750 microscope connected to a digital camera (Leica ICC 50) and a computer. Photomicrographs of stained sections were obtained, reported and imported into ImageJ image analysis software (a National Institute of Health [NIH], USA sponsored software) for analysis. The data obtained was analyzed using a computerized statistical package (SPSS version 21, IBM Corp., Armonk, NY, USA) and Microsoft Office Excel 2007. One-way ANOVA was used to compare the mean and standard error of mean values within and between groups of experimental animals, followed by Student Newman-Keuls (SNK) test for multiple comparisons and determination of the significant differences between these mean values. Probability values less than 0.05 were considered statistically significant.
Results
Analysis of biochemical parameters
The serum lead, antioxidant activity, and lipid peroxidation were determined in all groups of animals and values presented as mean±SEM in Table 1 . One-way analysis of variance (ANOVA) of the mean values (Table 2) revealed that there were statistically significant differences in the mean values of the biochemical markers (lead, SOD, CAT, GPX, and MDA) between groups of animals and within each group of animals (P<0.001). Homogenous categorization of the various mean values for the groups of animals and the different biochemical parameters was performed to compare the multiple groups of animals using SNK's post hoc tests for alpha of 0.05.
Serum lead
The post hoc test categorized the four groups of animals into three subsets for serum lead levels ( Table 3 , Fig. 1 ). Group B1 animals have a mean value that was significantly different from mean values of other groups of animals, categorized alone in a subset. Similarly, mean value of group B2 animals is significantly different from other values, though less than that of group B1 animals. Groups A1 and A2 are in the same category with no significant difference between their mean values. Statistically significant differences exist between the different categories. Post hoc tests (Student-Newman-Keuls, SNK) for serum lead, superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), and malondialdehyde (MDA) of rats exposed to prolonged oral lead homogeneous subsets. 
Serum SOD
The four groups of animals were categorized into two subsets for serum SOD (Table 3, Fig. 2 ). There were statistically significant differences in the mean values between the categories of animals but no significant differences within each category. Groups of animals (B1 and B2) treated with lead nitrate have significantly reduced serum level of SOD. The difference in the values for group B1 and B2 is determined to be insignificant statistically.
Catalase
Serum CAT determination categorized the four groups of animals into two subsets ( Table 3 , Fig. 3 ) with the two sub-groups exposed to lead being in one subset and the two other subgroups in another subset. The mean values of groups B2 and B1 were not significantly different from each other but each of the two is very significantly lower as compared to values for other groups of animals.
Glutathione peroxidase
The post hoc test categorized the four groups of animals into two homogenous subsets for mean values of GPX (Table 3 , Fig. 4 ). Lead-exposed groups, with or without recovery have significant difference in their mean values but expressed significantly lower level of GPX when compared with the control groups of animals. The control groups of animals have different mean values of GPX which are not significantly different from one another.
Malondialdehyde
Serum MDA was also homogenously categorized into two subsets with the post hoc test for multiple group comparison of mean values (Fig. 5 ). Groups of animals exposed to lead with or without recovery expressed statistically significantly different serum level of MDA when they were compared with the control group. Their values (B1 and B2) though differently expressed, have no significance in the difference. All other groups express different values that are not significant.
Microanatomical study
Sections of the visual cortex were critically examined under light microscope and were appropriately reported. Histological sections stained with hematoxylin and eosin obtained from the experimental group of animals (sections B1 and B2 in Plate 1) appeared equally heterogeneous and showed fine vacuoles in the neuropil around some neurons (Fig. 6 ). Cytoarchitecture of the neurons in these sections of experimental animals showed different stages of neuronal degeneration with variations in nuclear pyknosis, vacuolations, and cytoplasmic eosinophilia. Stained sections that were obtained from the control animals appeared seemingly normal with slightly eosinophilic neuropil and intact neurons.
Discussion
Exposure of the brain to excessive amounts of lead may impair neurotransmission, damage cellular materials, alters cellular genetics, Oxidative stress, and deregulation of cellular signaling, as a key aspect in neurotoxicity [3, 23] . Lead accumulates in the brain even at low concentrations present in the environment and much of its neurotoxicity effect seem to be related to the dose duration of lead exposure as well as the age of the animal [24] . The present study supports the reports above because of the significant increase in the blood/serum level, antioxidant activity and lipid peroxidation observed in lead-exposed group.
To ascertain the adverse neurological effects being observed in human exposed to lead [25] , higher concentration of lead was seen in the serum of rats in the non-recovery group (B1) when compare to the control group. A statistical increase was noticed in the recovery group when compared to the control but significantly different from the negative control. However, recovery group (withdrawal) is very active in modulating the concentration of serum lead level.
Oxidative stress is essentially an imbalance between the production of free radicals and the ability of the body to counteract or detoxify their harmful effects through neutralization by antioxidants. A significant reduction of serum SOD was observed in the recovery (B2) and non-recovery (B1) group when compared to the control animals (P<0.05). In agreement with this, oxidative stress has been reported in dif- ferent animal models as one of the important mechanisms of lead neurotoxicity [26] .
In this study, we noticed an increased level of lipid peroxidation as shown by the higher MDA level and lower antioxidant enzymes in lead-exposed rats, compared to the control group. Glutathione is also an important compound for the detoxication and excretion of heavy metals. Increased MDA content, decease in CAT, and reduction of GPX were noted in lipid peroxidation from lead-exposed rats. These biochemical alterations in adult rats correlate with the deficits observed by Fox et al. (1982) [9] in a visual evoked cortical potential study. This also corroborates with the existing research that oxidative stress associated with lead exposure has been noted, and reported that lower total superoxide dismutase activity and higher MDA content were found in lead-exposed rat [26] .
To demonstrate the general histoarchitecture of the visual cortex in this study, hematoxylin and eosin staining technique was used. The non-recovery group (B1) of animals shows a scantily distribution and destruction of the neuronal cells when compared to control, while the recovery group (B2) demonstrated an ameliorative role on the disrupted histoarchitecture of visual cortex. This finding is in support of Wang et al. 's report (2016) [27] , which suggested that the external stimulation could suppress the spontaneous hyperactivity in the visual cortex. In conclusion, the present results indicated that exposure of rats to lead might contribute to visual cortex impairment by causing a significant oxidative stress and disruption of the neuronal cells. Moreover, the withdrawing method can ameliorate the effect of lead toxicity.
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